Abstract. Extended bounding theorems on maximum deformation and minimum response time are developed for dynamically loaded rigid-plastic structures in the range of large deformations.
2. Governing equations of dynamic problems. In Euclidean three-dimensional space R3, let the reference configuration and current configuration 38 of a body be referred to two independent rectangular Cartesian coordinate systems: Lagrange system {^n} and Euler system {xt}, respectively. The corresponding basis vectors are Ga and g(. The deformation of the body from 38® to 38 may be described as x = x(X) = X + u(X).
(
We adopt the gradient notation V = (d/dXa)Ga in reference configuration 38® , and Vr = (d/dx^gj in current configuration 38, then the deformation gradient tensor may be written as dx D = xV = -<8) G = I + uV = Z) g; ® G .
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For an admissible deformation, D is nonsingular and finite, then we have the inverse of D:
Let Q be an open, bounded, connected subset of R with Lipschitz boundary r = r, U r . % is the admissible displacement space. For any given u e %, the Green strain tensor is denoted by the following geometrical relations:
The abstract description of Eq. (4) can be given as [9] :
where is a geometrical nonlinear operator, % is the admissible strain space. The directional-derivative of E at u in the direction v e ^ is defined as:
e^o+ V
where At: % -> % is called the Gateaux derivative (cf., e.g., [15, 16] ) of E(u) at u, which is also a nonlinear geometric mapping:
Its complementary operator is defined aŝ
So the material derivative of E may be written as
where d(u) := 2(Vr" + »Vr) = 2("i-,y + /)g/® 8/ is the rate of deformation tensor. The stress tensors commonly used in finite deformation theory are Cauchy stress a (= aijgl ® g^); Piola stress; r (= Tmg( <g> Ga) and Kirchhoff stress: S (= SapGn <S> G^). They are interrelated with each other by <7 = jDSD7 = ;'tD7 ,
where j is the volume ratio of volume element before and after deformation, and J = 1 /j. It is easy to prove that (14) can be written as the following simple form: where n is unit normal vector on T, i.e., A* is just the equilibrium operator. So the equilibrium equations for dynamics problems
can be written in an abstract form:
where b is the body force, t the surface tractions, and ( b in Q, f := < t on r(, 1 t(S, u) on rtl.
For rigid-perfectly plastic media, the constitutive equations in Euler approach are given
do F (a) is the plastic yield function, which is assumed to be convex, lower semicontinuous. For Mises material, it takes
k is the material parameter. In Lagrange approach, the yield function should be 
Let 3? be a subset of S? x %: 
Here u) denotes the partial subdifferential of W* for S at (S, u), which is a convex subset of % : dslV*(S, u) - 
are equivalent to each others. By performing integration over Q, using Gauss-Green law, Eq. (31) gives
This is the virtual work principle. During dynamic deformations, suppose that body Q is subjected to an impulsive loading system: surface tractions t(X, t) on T( x [0, t] and the impulsive initial velocity field u0 in Q. Therefore, in the case of large deformation, the impulsive loading problem for rigid-perfectly plastic dynamical is that to find field variables u, u, S and response time tf such that 
where pQ denotes the initial mass density. It is rather difficult to find exact solution for given loading systems, because of double nonlinearity (geometric nonlinearity and constitutive nonlinearity). So the bounding methods for displacements and response times will be useful in engineering application. V= /jw°^ (43) and uD the displacement measure:
Then for rigid-perfectly plastic material, the upper bound theorem on maximum displacement may be given below: , fodtfr, t^r+/n 1 (V'V)' faW{Atmda ■ ( } According to Theorem 1, an optimal lower bound approximation on t f can be given as:
On the opposite side, let u+ \ <9^-> R be an upper measure of the displacement uD :
J a
Then according to Theorem 2, an optimal upper approximation of uD can be given as:
This a nonlinear optimization problem with two variables defined on the feasible set 5^a . According to various constructions of the plastic superpotential W*, (see , [17, 18] ), different variational approximations may be given to solve the problem (53).
Theorems 1, 2 given above show that in impulsively loaded plastic systems under finite dynamic deformation, the existence of bounds on maximum displacement and minimum response time are determined by the property of the gap function: G(v,T)= / \vnv,TnRda, and its directional-derivative SG{\, T; v). In the geometrical nonlinear structural analysis, this gap function also provides a global extremum creteria for the dualcomplementary variational problems (see [19, 10] ). In one-dimensional beam bending problem, the gap function will degeneralize to the following form (see . In this case, the structure is stable. Theorem 2 assures that there exists an upper bound on deflective for impulsively loaded plastic beam. Otherwise, the structure may be unstable.
